PRINCIPLES: Analysis of the spatial distribution of mortality data is important for identification of high-risk areas, which in turn might guide prevention, and modify behaviour and health resources allocation. This study aimed to update the Swiss mortality atlas by analysing recent data using Bayesian statistical methods. We present average pattern for the major causes of death in Switzerland. METHODS: We analysed Swiss mortality data from death certificates for the period 2008-2012. Bayesian conditional autoregressive models were employed to smooth the standardised mortality rates and assess average patterns. Additionally, we developed models for age-and gender-specific sub-groups that account for urbanisation and linguistic areas in order to assess their effects on the different subgroups. RESULTS: We describe the spatial pattern of the major causes of death that occurred in Switzerland between 2008 and 2012, namely 4 cardiovascular diseases, 10 different kinds of cancer, 2 external causes of death, as well as chronic respiratory diseases, Alzheimer's disease, diabetes, influenza and pneumonia, and liver diseases. In-depth analysis of age-and gender-specific mortality rates revealed significant disparities between urbanisation and linguistic areas. CONCLUSIONS: We provide a contemporary overview of the spatial distribution of the main causes of death in Switzerland. Our estimates and maps can help future research to deepen our understanding of the spatial variation of major causes of death in Switzerland, which in turn is crucial for targeting preventive measures, changing behaviours and a more cost-effective allocation of health resources.
Introduction
Life expectancy in Switzerland is among the highest in the world at 80.4 and 85.4 years for males and females, respectively, in 2014 [1] . Mortality rates and causes of death vary according to age, gender and place of residence. A rigorous identification of the spatial distribution of causespecific mortality rates is important because it provides insight for underlying risk factors that can be environmental, sociocultural or health systems related. From a public health perspective, it enables areas (e.g. municipalities) to be identified where interventions, preventive measures and modifying behaviour might be warranted, and hence will assist in health resource allocation. Geographical representation of the age-and gender-standardised mortality ratio (SMR) enables health professionals and politicians to identify areas of high mortality. Maps of raw rates might be dominated by sparse data influenced by the size of population at risk [2] . Bayesian statistical models filter out the noise and produce smooth maps that more readily identify spatial patterns and clusters. Mortality atlases have been released for Spain [3] and the United States of America [4] . In Switzerland, a cancer mortality atlas was published in 1997 that covered the years 1970-1990 [5] . More recently, maps at municipality level in Switzerland have been released by Schmidlin et al. [6] on all-cause mortality from 1991 to 2008 and by Jürgens et al. [7] on tobacco-related cancer mortality from 1969 to 2002. This study aimed to complete and update the Swiss mortality atlas by analysing data from death certificates for the period 2008 to 2012. After classification of the main causes of death, we present a model-based atlas of the major causes of death in Switzerland.
Methods

Mortality data
Mortality data were provided with information about age, gender and municipality of residence of each case for the period 2008-2012 by the Swiss Federal Statistical Office (FSO). Since data were provided without personal identifiers, there were no specific ethical considerations for the current analysis. Primary causes of death were recorded according to the International Classification of Diseases ICD-10 (http://www.who.int/classifications/icd/). As the aim of our work was to study the geographical distribution of cause-specific mortality, we followed the classification proposed by the Centers for Disease Control and Preven-tion (CDC) for studies assessing geographical patterns of mortality [8] and grouped the data into 32 causes of death that are relevant for Switzerland (see appendix 1 for more details about the allocation of the ICD-10 codes). Age at death was classified into 18 age groups of 5 years each, ranging from 0-4 to ≥85 years. To overcome issues related to the numerous mergers of Swiss municipalities, we standardised the municipalities of residence according to the most recent official register of municipalities of 2014. We restricted our analysis to the major causes of death that record an average annual number of cases superior to 300.
Population data
Population data from the census 2010 were available by gender for each municipality and grouped by 5-year age categories. Due to the lack of disaggregated inter-censual population data, we assumed that the population over the period 2008-2012 was constant and equal to the 2010 census population. We reshaped municipality boundaries according to the 2014 territorial status for spatial alignment with mortality data.
National statistics
Differences between gender age-adjusted and gender-specific age groups death rates were explored at national level for the major causes of death in Switzerland. Details on age adjustment are given in appendix 2.
Spatial analysis at municipality level
The SMR represents the number of observed deaths with respect to the expected deaths in the general population. In order to highlight the spatial pattern of the different causes of death, we smoothed the observed SMR by borrowing strength across neighbouring municipalities. Thus, we used Bayesian spatial statistical models where spatial correlation and residual noise are modelled through a conditional autoregressive (CAR) effect [9, 10] and an unstructured effect, respectively. Observed SMRs were age-and genderstandardised through their corresponding expected deaths based on the average national mortality rate (indirect standardisation). Thus, our models estimate municipality-specific smooth age-and gender-SMR. Several likelihood functions were explored to model the death counts. The final model was the one that showed the best goodness of fit according to the deviance information criterion [11] . We additionally developed gender-and age-specific Bayesian spatial statistical models for age categories contributing to more than 5% of the deaths that occur in the total population (number of deaths by cause, age and gender are presented in appendix 3, table A3). Those models account for urbanisation (rural versus urban) and linguistic areas (French and Italian versus German). This enabled us to assess the effect of the covariates for different groups, i.e. male and female allocated to 6 age categories, namely 0-14, 15-29, 30-44, 45-59, 60-74 and ≥75 years. As the data were initially grouped into 5-year age groups, expected deaths have been age-standardised. In the absence of significant effects of the Romansh-speaking areas observed in a preliminary analysis, we included the Romanshspeaking areas within the German-speaking areas.
A joint analysis with a shared component model [12] was developed for cardiovascular diseases and diabetes, as well as for lung cancer and chronic obstructive pulmonary disease (COPD). Such a model is able to capture a latent shared spatial structure that is not explained by the covariates used in the model and the shared underlying structure might reflect spatial variation of common risk factors that have not been observed. We chose to analyse groups of disease that share strong risk factors. Complete details on model specification and implementation are given in appendix 4.
Boundary detection
A technique called wombling was used to detect boundaries of spatial clusters [13, 14] . In brief, we highlighted borders in black if the 95% Bayesian credible interval of the difference between two adjacency smoothed displayed quantities (SMRs or spatial random effect) was significantly different from zero.
Results
The average annual numbers of deaths, stratified by cause and gender, in Switzerland over the period [2008] [2009] [2010] [2011] [2012] , are reported in table 1. The main causes of death were cardiovascular diseases and cancers that mainly affect lungs, colon or rectum, breast and prostate. External causes of death come in third position and are mostly represented by intentional self-harm (suicide). A smooth map of the geographical distribution of all-cause mortality risk is presented in figure 1.
Cardiovascular diseases
Cardiovascular diseases accounted for 36% of deaths and were therefore the leading cause of mortality in Switzerland during the period 2008-2012. Such deaths occurred more frequently among males older than 60 years of age (see figs A1 and A2 in appendix 3 for a comparison of gender-specific age-adjusted death rates and age distribution of death rates, respectively). We divided cardiovascular diseases into different subgroups, the most important of which were heart diseases, cerebrovascular diseases (stroke), hypertensive diseases (hypertension and hypertensive renal disease) and ather- 
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Swiss Med Wkly. 2016;146:w14280 osclerosis, which accounted for 73%, 18%, 4% and 2% of the cardiovascular disease cases, respectively. Smooth maps of the age-and gender-SMR of those diseases resulting from Bayesian CAR models fitted to the dataset of the entire population are presented in figure 2. Deaths due to cardiovascular diseases were more frequent in the eastern Swiss regions of Glarus, St. Gallen, Thurgau and Appenzell. We further analysed the main cardiovascular diseases, stratified by gender and age categories, by accounting for urbanisation and linguistic areas in the CAR spatial model. Results from those analyses are presented with a summary of the estimated effects of urbanisation and linguistic areas (see appendix 3, fig. A3 ). Linguistic areas had an effect on mortality caused by heart and hypertensive diseases, as well as on atherosclerosis. Indeed, hypertensive diseases and atherosclerosis SMRs were smaller in French-and Italian-speaking areas and the heart disease SMR was smaller in the French-speaking areas among people aged 75 years and above in comparison with the reference German-speaking. This result reflects higher mortality rates in the German-speaking communities from cardiovascular diseases. The mortality due to cardiovascular diseases was also more important in rural than urban settings, as reflected by several significantly negative effects of the variable urban on the SMR among gender, different age and cardiovascular diseases subgroup categories.
Cancers
Cancers were responsible for 27% of the deaths in Switzerland during the period 2008-2012. For both genders combined, the most deadly cancers were the ones affecting lungs and colon or rectum. However, breast cancer was the cancer that killed the most females, while prostate cancer ranked just after lung cancer in the male population (table 1) . Deaths due to cancers usually affected men more often than women, with the exception of breast and gynaecological cancers that are gender-specific (see appendix 3, fig. A1 ). The smooth map of the age and gender SMR of the differ- ent types of cancer is presented in figure 3 . The geographical pattern of cancers in general followed the pattern of the majority cancer, lung cancer. In-depth analysis highlighted differences between linguistic regions and urbanisation (see appendix 3, fig. A4 for a summary of the effect estimates of model covariates). For lung cancer, the SMR was greater in the French-speaking area compared with the German-speaking area for all sub-groups analysed, except for males aged 75 years and above, where the mortality risk was higher in the Italianspeaking part. Mortality due to breast cancer was lower in the French-speaking part for females aged 75 years and above, as shown by the estimates of coefficient (appendix 3, fig. A4 ). For prostate cancer, the SMR was lower in the Italian-speaking part of Switzerland than in the Germanspeaking part. For people aged 75 years and above, the SMR was also lower in urban than in rural settings. Deaths due to cancer of pancreas were lower in the French-speaking part of Switzerland compared with the German-speaking part for females aged 45-59 years. For males above 75 years, there was a higher risk in urban than in rural settings. For urinary tract cancer, the SMR was greater in the French-speaking part of Switzerland for males aged 45-59 and 60-74 years, and in the Italian-speaking part for males aged 45-59 years. With regard to stomach cancer, deaths were lower in urban settings for both males and females aged 75 years and above. Compared with the Germanspeaking part of Switzerland, the SMR was lower for males aged 60-74 years living in the French-speaking part and higher for females aged 75 years and above in the Italianspeaking part. This is reflected in the average pattern of stomach cancer in Switzerland, which exhibits a high SMR in the Italian-speaking part of Switzerland. Non-Hodgkin's lymphoma showed a higher SMR among males aged 45-59 years in the French-speaking part of Switzerland and among females aged 75 years and above living in the Italian-speaking part compared with the German-speaking part. For colorectal cancer, gynaecological cancer and leukaemia, no significant associations were found with urbanisation and linguistic zones of Switzerland.
External causes of death
External causes of death were responsible for 6% of the recorded deaths in Switzerland in the study period 2008-2012. Intentional self-harm and motor vehicle accident represented 30% and 8% of the external causes of death, respectively (table 1). Deaths due to both intentional self-harm and motor vehicle accidents were considerably more prominent in men than in women (see appendix 3, figs A1 and A2). Smooth maps of the age-and gender-SMR of the major types of external causes of death are presented in figure 4 . Intentional self-harm SMR was lower in urban settings for males aged 15-29 and 30-44 years. Compared with the German-speaking part, the SMR was larger in the Frenchspeaking part of Switzerland for females aged 30-74 years and males aged 30-44 years. SMR was lower for males aged 15-29 years living in the French-speaking part and males aged 45-59 and ≥75 years living in the Italian-speaking part (see appendix 3, fig. A5 ). 
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Additional causes of death
Additional causes of death were studied, namely chronic respiratory disease, Alzheimer's disease, diabetes, influenza and pneumonia, and liver disease. The corresponding smooth maps of the age-and gender-SMRs are shown in figure 5 . Furthermore, we present in an appendix the results of an analysis stratified by gender and age categories that accounted for urbanisation and linguistic areas (see appendix 3, fig. A5 for a summary of the effects of the covariates). The map of the average pattern of chronic respiratory diseases SMR ( fig. 5) (appendix 3, fig. A5 ). Mortality due to Alzheimer's disease was higher in the French-and Italian-speaking parts of Switzerland ( fig. 5 ). In particular, living in a French-or Italian-speaking area had an important effect on both males and females aged 75 years and above (appendix 3, fig. A5 ). Alzheimer's disease had a higher mortality rate among females than males (appendix 3, fig. A1 ). Rates of deaths due to diabetes were lower in the Frenchand Italian-speaking parts of Switzerland compared with the German-speaking part ( fig. 5) . Mortality due to influenza and pneumonia was higher in the French-speaking part of Switzerland, as well as for females aged ≥75 years living in urban settings. For liver diseases, the death rate in males was about twice that in females (appendix 3, fig. A1 ). An urban setting was related to a higher SMR among females aged 45-59 years and among males and females aged ≥75 years (appendix 3, fig. A5 ). Shared spatial pattern Disease-specific and shared spatial dependences between lung cancer and COPD, as well as between diabetes and cardiovascular diseases are presented in appendix 3, figure  A6 . For lung cancer and COPD, we identified high shared high-risk areas in Graubünden and in the eastern areas of the French-speaking part of Switzerland. For diabetes and cardiovascular diseases, shared risk was higher in the German part of Switzerland. However, the wombling technique did not reveal significant shared spatial clusters.
Discussion
We present a contemporary overview of the geographical distribution of the major causes of death in Switzerland. The Bayesian CAR methodology employed allowed us to obtain maps with smooth estimates of the municipalities' SMR that highlight spatial pattern. Furthermore, our indepth analysis of age-and gender-specific mortality rates enabled us to assess disparities between urbanisation and linguistic areas, after accounting for spatial correlation. We discuss and explain the results of our analysis by comparing them with other studies that investigated causes of death in neighbouring countries and beyond. Spatial patterns in the mortality rate reflect spatial variation in the risk factors. Apart from heredity, other important risk factors for cardiovascular diseases are high blood pressure, smoking, lack of exercise and overweight. They can be modified by adopting a healthy lifestyle and it is therefore reasonable to assume that the risk of dying from such diseases might vary between urban and rural settings and/ or from one language zone to another across Switzerland, probably because of cultural differences and area-specific behaviours. Our analysis highlights lifestyle differences according to language zones, and extent of urbanisation, as we found that people living in the French-and Italianspeaking parts of Switzerland and those in urban settings are at lower risk of death due to cardiovascular diseases, in particular heart and hypertensive diseases. Our result coincides with findings of the Global Burden of Disease (GBD) 2010 study that estimated the burden of 291 diseases and injuries worldwide [15] . Indeed, for France and Italy, it has been estimated that ischaemic heart disease (the major cardiovascular disease) represented 10.1% and 14.8% of the total years of life lost (YLLs), compared with 18.4% in Germany (http://vizhub.healthdata.org/gbd-compare/).
Figure 4
Geographical distribution of mortality risk due to external causes in Switzerland, 2008-2012.
Figure 5
Geographical distribution of mortality risk due to other causes in Switzerland, 2008-2012.
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The most important risk factor for lung cancer is tobacco consumption [16] . Faeh and Bopp [17] have reported a significantly higher prevalence in smoking in the Frenchspeaking part of Switzerland than in the German-speaking part, especially among women. European countries have shown heterogeneous trends of lung cancer epidemic with the largest rise of lung cancer rate among young French women [18] . Thus, it is not surprising if cultural smoking behaviours influence spatial pattern of lung cancer mortality. Furthermore, the GBD 2010 study [15] estimated slightly higher percentage of total YLLs attributed to lung cancer in France (7.4%) than in Italy (7.0%) and Germany (6.9%). The geographic pattern of lung cancer mortality identified in our analysis reflects the particularity of Switzerland with its different cultural influences. We also highlight the well-known role of smoking in lung cancer in Switzerland [7] . Additionally, the SMR was higher in urban settings among females aged 75 years and above. One might explain this result in the face of urbanisation and women's emancipation with an unfortunate increase of smoking in the middle of the twentieth century [19] . Early menarche and late menopause are factors that favour breast cancer [20] and Switzerland has shown high spatial variability of reproductive characteristics [21] . The Swiss FSO [22] has reported that breast cancer was more common in the French-and Italian-speaking parts compared with the German-speaking part. However, we found that mortality was lower in the French-speaking part for females aged 75 years and above. Differences between mortality and incidence patterns might reflect geographical disparities in mammography screening [23] . Regarding screening practices, d'Ambrosio et al. [24] reported that, in Italy, the practice of prostate cancer preventive testing has increased over the past several years, and hence is often performed without any clear indications. It would be interesting to assess if this trend is cultural, because if prostate screening is more widespread in the Italian-speaking part of Switzerland, it might partially explain why we observed fewer deaths in this region. In addition, lower prostate cancer mortality in the Italian-speaking part of Switzerland might be explained by lifestyle and a Mediterranean diet [25] . Furthermore, our observation of a higher SMR in urban than in rural settings among people aged 75 years and above might reflect inequality in prostate cancer screening between urban and rural settings, as shown in a previous European study [26] . For stomach cancer, our finding of lower death rates in urban compared with rural settings confirms previous studies elsewhere in Europe and in Asia [27, 28] . The reasons have yet to be fully elucidated, but it might reflect differences in diet between people living in urban and rural settings. Furthermore, a high incidence of gastric cancer has been observed in the northern part of Italy and the Italian-speaking part of Switzerland and has been associated with resistant strain of Helicobacter pylori [29] . Important differences between urban and rural settings were highlighted with regard to the external causes of deaths (intentional self-harm and motor vehicle accidents) that are higher among males from rural areas. Interestingly, there is no difference between rural and urban settings and the predominant linguistic areas for females. Surprisingly, people living in urban settings were at a lower risk of mortality due to chronic respiratory diseases. However, COPD, the most deadly chronic respiratory disease, has been reported to cause more deaths in rural and in poor areas in the United States of America as a result of the potential contributions of occupational exposures, fuel sources and indoor air pollutants [30] . This observation might, at least partly, explain our results. For Alzheimer's disease, despite quite similar age mortality curves between genders (appendix 3, fig. A2 ), we observed higher mortality rates among females. This might be linked to the fact that, on average, women in Switzerland live several years longer than men, and hence are more prone to Alzheimer's disease, which mainly affects the elderly. In addition, Alzheimer's disease might be confused with other forms of dementia. However, the analysis of deaths due to other forms of dementia combined with the deaths due to Alzheimer's disease revealed similar pattern to that of Alzheimer's disease only (result not presented here). Therefore, we do not have evidence of different diagnostic practices among linguistic areas. Our study has strengths and weaknesses that are offered for discussion. The main strength of our work is the methodology. Indeed, we employed a zero-inflated negative binomial model, which can overcome the over-dispersion and poor fit that might arise with data characterised by a high proportion of zero counts. The purpose of our cross-sectional approach was to update the Swiss mortality atlas, using the most recent available data. The study of the geographical distribution over time was not within the scope of the present work and a spatiotemporal analysis would have required inter-censual age-, gender-and municipalityspecific population estimates that are not available. Unfortunately, it is difficult to assess the reliability of the allocations of causes of death. For example, COPD is a cause of death that has been under-reported on death certificates [31] . Cross-national variations on coding practices of ischaemic heart diseases have been also documented [32] . In particular, France is suspected to under-report such causes of death and it is difficult to assess whether this issue also pertains in the French-speaking part of Switzerland. Socioeconomic factors, differential access to health care and diagnostic work-up (including differences in death coding) as well as inequalities of care might also influence mortality patterns. However, few attempts have been made to build socioeconomic indexes [33] and good proxies that would enable us to measure those effects are currently lacking for Switzerland. The Swiss National Cohort [34] , a large longitudinal study of the resident Swiss population that links death certificates with census information, offers a comprehensive database that allows further investigation on socioeconomic determinant of mortality. For example, Clough-Gorr et al. [35] recently reported what they called a Swiss paradox, since they found that high income inequalities were unexpectedly associated with lower mortality due to cardiovascular disease or cancer across Switzerland. Our results are in line with those findings since we also showed lower mortality risk due to cardiovascular diseases and cancer in areas that were identified with important health inequalities, such as in the Leman Arch, and the Zürich, Bern, Basel and St. Gallen areas. Recently, health economists reported in the mass media that the risk for death from specific diseases showed large differences between Swiss hospitals (http://www.tagesanzeiger.ch/wissen/medizin-und-psychologie/Stark-abweichendeSterberaten-in-Schweizer-Spitaelern/story/12792299, http://www.schweizamsonntag.ch/ressort/nachrichten/ todesrisiko_spital_liste_zeigt_grosse_unterschiede/). It would be interesting to substantiate this claim by linking hospital and other medical institutional quality of care to mortality in a spatially explicit manner. For cardiovascular diseases in particular, rapidity of interventions in the acute phase, adequate treatment and appropriate rehabilitation are additional factors that influence mortality. They could also present geographic variations that influence the mortality pattern. Similarities between spatial patterns might reflect common risk factors. For example, smoking and air pollution are known risk factors for both lung cancer and COPD, while diabetes is itself a risk factor for cardiovascular diseases. However, the joint analysis in this work did not identify significant shared underlying structures that capture spatial variation of latent risk factors. In conclusion, our research provides the first model-based, cause-specific mortality atlas for Switzerland. The atlas will be updated annually and can be accessed via our online platform which currently includes the 2013 mortality estimates (www.swisstph.ch/swiss-mortality-atlas). We hope it will assist in future research into causes of spatial differences, health resource allocation and monitoring of prevention and control interventions that aim to further improve health and wellbeing of the Swiss population.
